New insights into magma storage
under the Katmai volcanic cluster
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Outstanding features of 1912 eruption

e Erupted 13 km?3
of magma as
~30 km?3 of
pumice and
ash

e Caldera
collapse
occurred 10
km from the
vent

* Onlyhistorical [ v = . SRS
ash-flow tuff, | “3u&d \ G~ IaEos
or ignimbrite | (SN AN
(VTTS)




Outstanding features of 1912 eruption

Erupted more
ash than all
other historical
INENEN
eruptions
combined

Mount St. Helens, 1980

Lowered
Northern
Hemisphere
temperatures
by 2° F for 1 yr

Erupted nearly
crystal-free
high-silica
rhyolite

Vesuvius, 79
(Pompeii) 1.2 mi3

Novarupta, 1912
3 cubic miles

Krakatau, 1883

2.2 mi3
Pinatubo, 1991

ITY

Lassen Spurr Redoubt Augustine
1915 Sept. 1992 2 Jan, 1990 1976
0.001 mi#  0.003 mi3 0.005 mi3 0.05 mi3



The 1912 eruption sequence

CHRONOLOGY OF THE 1912 ERUPTION

-At least 2 months continuing felt seismicity through mid-August (<Ms 5)

L]
-Lava domes emplaced at unknown times after the eruption ceased: . 0
Horseshoe Island dome on the floor of Katmai Caldera (dacite); p I S O e = e ga n W I
Phantom dome (dacite) plugged the 1912 vent, but was destroyed prior to
extrusion of Novarupta dome (mostly rhyolite).

= aam| cruption of rhyolite-only ash fall
www| and minor ash flow, then
S <\vitched to predominantly ash
flow when dacite and andesite
magma were introduced.

-Dawned clear at Kodiak on 9 June

-eruption column to base of ash cloud ~17-23 km high
-fallout distributed both NE + E
-ejection of ~1.7 km? dacitic magma

3rd ashfall at Kodiak

THIRD PLINIAN ERUPTION

eEpisodes 2 and 3 were
2| et aftoun arms dominated by dacite ash fall and
-eruption column to base of ash cloud ~22-25 km high SUbordinate aSh fIOW depOSitS.

-fallout strongly wind-directed E-SE
-ejection of ~2 km? dacitic magma
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SECOND PLINIAN ERUPTION

3 — .
-Beginning of collapse of Mount Katmai
-eruption column to base of ash cloud ~23-26 km high

¢400-m-wide rhyolite dome
o’ (Novarupta) probably formed
el weeks to months later

FIRST PLINIAN ERUPTION

(13:00) Steamer Dora sights eruption column from Shelikof Strait.

1stashfall at Kodiak
170 km SE of Novarupta

5 days preclimactic felt seismicity (<M5)



Katmai caldera Trident

Shelikof Strait




Katmai volcanic cluster
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Southwest Trident eruption, 1953

~6 closely spaced
stratocones

1953-1974
eruption of
Southwest Trident
produced 0.5 km?3
of andesite

Very seismically
and fumarolically
active today



100 years later - Significance to
volcanology

("

plumbmg system.




Monitoring and hazards

Monitoring requires understanding Primary hazards are airborne ash and
of what volcanoes are capable of and  ash fall

how they work, and interpretation of
geophysical signals
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John Paskievitch (USGS AVO) servicing a webcam mounted on
solar panels at seismometer site KABU in Katmai National Park

and Preserve

160°




Outstanding magmatlc questions
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Compositional affinities of erupted
magmas (Hildreth and Fierstein, 2012)
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Results from experimental petrology

PH,0 = Protal
fo,= ~NNO+0.5

760 780 800 820 840 860 880 900
Temperature ("C)

Blue field shows where the
minerals present in the 1912
rhyolite are stable

Rhyolite stored at 40-
100 MPa, or ~2-4 km
depth (Coombs and
Gardner, 2001)

Andesite and dacite
stored at 25-100 MPa,
or 1-4 km depth
(Hammer et al., 2002)

Both quite shallow
(crust is 25+ km thick
here)



Results from radiogenic isotopes
(Turner et al., 2010)

* Andesite - <1000 yrs
old (%%°Ra/%3°Th) \

* Dacites — up to 8,000
yrs old (*3°Th/%3%Th)
* Rhyolite — 50-100,000
yrs old (*3°Th/%3%Th)
— Solidified, then Pl Parmiae
thawed by hotter T

magmas Ages not consistent with closed-system
evolution of all 3 magmas




USGS-University of Wisconsin seismic
imaging experiment (2008-2010)
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Green squares - AVO permanent stations; green circles - AVO/UW temporary stations.



P-wave tomographic slices
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Earthquake relocations using double-
difference technique
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Earthquakes and estimated magma
withdrawal volumes




Conclusions
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e 1912 magmas likely not the products of
closed-system evolution in a single magma

chamber (instead thawing of previously solid
igneous rock?)

Little/no residual magma currently in the
shallow crust beneath Katmai

Introduction of new magma will likely be
heralded by increase in seismicity, gas output,
etc.




S-wave tomographic slices
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Hazards

e Airborne ash and ash
fall are the two primary
hazards

e Locally, pyroclastic and
debris flows can be
devastating




